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ABSTRACT 

Context. We investigate the decayless regime of coronal kink oscillations recently discovered in the Solar Dynamics Observatory 
(SDO)/AIA data. In contrast to decaying kink oscillations that are excited by impulsive dynamical processes, this type of transverse 
oscillations is not connected to any external impulsive impact, such as a flare or CME, and does not show any signiflcant decay. 
Moreover the amplitude of these decayless oscillations is typically lower than that of decaying oscillations. 

Aims. The aim of this research is to estimate the prevalence of this phenomenon and its characteristic signatures. 

Methods. We analysed 21 active regions (NOAA 11637-11657) observed in January 2013 in the 171 A channel of SDO/AIA. For 
each active region we inspected six hours of observations, constructing time-distance plots for the slits positioned across pronounced 
bright loops. The oscillatory patterns in time-distance plots were visually identifled and the oscillation periods and amplitudes were 
measured. We also estimated the length of each oscillating loop. 

Results. Low-amplitude decayless kink oscillations are found to be present in the majority of the analysed active regions. The 
oscillation periods lie in the range from 1.5 to 10 minutes. In two active regions with insufficient observation conditions we did not 
identify any oscillation patterns. The oscillation periods are found to increase with the length of the oscillating loop. 

Conclusions. The considered type of coronal oscillations is a common phenomenon in the corona. The established dependence of the 
oscillation period on the loop length is consistent with their interpretation in terms of standing kink waves. 
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1. Introduction 


Kink oscillations of coronal loops are possibly the most stud¬ 
ied and debated class of coronal oscillations. Kink oscillations 
are detected as transverse, in the plane-of-sk y displacements of 
brigh t or dark coronal non-uniformities (e.g. iNakariakov et al.l 
1999I : iThurgood et al.|[20T^ : IVerwichte et all [200^ . the vari¬ 
ation of the brightness itself as a result of the modulation of 
the column depth of the oscillating plasma non-uniformity b y 
the oscillation le.g. lCooper et al.|[2003l : IVerwichte et al.ll2()09l) . 
or the periodic Dopp l er shift of coronal e mission lines (e.g. 
Koutchmv et al.|[T98^ : lTomczvk et al.ll2007h . Also, kink waves 
can produce m odulation of gvrosvnchrotron emission fe.g. Kho- 
dachenko et al. l2Qlll : lKuprivanova et al.ll2Q13h. Kin k waves are 


et al.ll999l:lAsc 

iwanden & Schriived201 ll) and propagating (e.g. 

1 Williams et al.1 

200ll:lTomczvk et al.ll2007l:ICirtain et al.ll2007l) 


disturbances, with the periods ranging from several seconds to 
several minutes. 


Kink oscillations are interpreted as fast magnetoacoustic 
waves guided by field-a ligned non-uniformities of fre fa st mag- 
netoac oustic speed fseelDe Moortel & Nakariakovll2012l: Liu & 
Qfman l20l4 for recent comprehensive reviews). In the low-j3 
plasma of coronal active regions, the fast speed non-uniformity 
corresponds to the Alfven speed non-uniformity, which can be 
created by a field-aligned non-uniformity of the plasma density, 
e.g. a coronal loop. Because of the waveguiding effect, the wave 


phase speed has a value between the Alfven speeds inside and 
outside the loop. In the long-wavelength li mit, the phase speed 
of the kink wave is the so-called kink speed (IZaitsev & Stepano^ 
Il982l : lEdwin & Roberts! 1 1983h. and the p erturbation becomes 
weakly compressive (iGoossens et miMj). 

Kink oscillations are usually observed to be the lowest spa¬ 
tial harmonics along the field, i.e. the global (or fundamental) 
modes of coronal loops, with the nodes of the displacement at 
the loop’s footpoints and the maximum at the loop apex. In some 
cases, second and third spatial harmonics have b een detected 
(IVerwichte et al.ll20^:lDe Moortel & Brady|l2007l: Van Doors- 
selaere et al. l2009l) . The period of the global kink mode is then 
determined by double the length of the loop, divided by the kink 
speed. 


The interest in kink oscillations is mainly connected with the 
poss ible solution of the coronal heating problem (e.g. Goossens 
et al. 120131. and references therein), and also with coronal plasma 
diagnosti cs, i.e. magnetohydrodynamic (MHD) coronal seism ol- 
ogy (e.g. IZaitsev & StepanovI[20081 : IStepanov et ^l2012l) . In 
particular, kink oscillations are used for estim ating coronal mag¬ 
netic fiel d (e.g.lNakariakov & Ofmanll200l|). density stratifica - 
tion (e.g. lAndries et al.ll2005l : IVan Doorsselaere et ^l2008h . 
the variat ion of the magnetic field along the loop fe.g. Ruder- 
man et al. l2008l : IVerth & Erdelvill2008h and information about 
fine s tructuring fe.g. lVan Doorsselaere et al.ir2008l : lAntolin et al.l 
120141) . 


Article number, page 1 of|9] 




























































A&A proofs: manuscript no. paper 


Standing kink oscillations of coronal loops are observed in 
two regimes. In the large-amplitude, rapidly-decaying regime the 
displacement amplitude reaches several minor radii of the oscil¬ 
lating loop, and the decay time equals two to fou r periods of the 
oscillation (see e.g. iRuderman & ErdeMl2009L for a dedicated 
review). It was recently shown that in the vast majority of cases, 
kink oscillations are excited by a coronal eruption that mechani¬ 
cally displaces loops in the horizontal direction from the equilib¬ 
rium (IZimovets & Nakariakovl[20T^ . The decay of the oscilla¬ 
tions is usually associated with the phenomenon of resonant ab¬ 
sorption that is linear coupling of the collective kink oscillation 
with torsional Alfvenic oscillations at the surface of the constant 
Alfven sp eed that coincides with the phase speed of the kin k 
wave fe.g. IRuderman & Roberts! [2OO2I : iGoossens et aDl2QQ2l) . 
The low-amplitude unda mped reginie of kink oscillations wa s 
discovered very recently (IWang et al.ll2012l : lNistico et al.ll2013l) . 
The oscillations do not damp in time and are seen for a num- 
ber of cycles. Som etimes the amplitude even gradually grows 


(IWang et al.ll2012l). Different lo ops oscillate with different pe- 
riods (lAnfinogentov et al.|[2QT^ . Moreover, the same loop was 
seen to oscillate in two regimes, dec aying and undamped, with 
the same period (iNistico et al.ll2013h . All segments of the loops 
are seen to oscillate in phase, indicating that the oscillation is 
standing. The displacement amplitude is about the minor radius 
of the loop, which is typically lower than the amplitude of decay¬ 
ing oscillations. Off-limb observations show that the oscillations 
are polarised in the horizontal direction. Theory of undamped 
kink oscillations has not been developed yet, and their relation¬ 
ship with the decaying oscillations is unclear. However, both, 
damped and undamped regimes are clearly associated with the 
standing kink (or m = 1) mode of oscillating loop. 

The aim of this paper is to assess the persistency of un¬ 
damped kink oscillations and gain some statistical information 
about their properties. In Sec. [2] we describe the observational 
data used in our study. In Sec. [3] we present the analytical tech¬ 
niques and results obtained. In Sec|4]we summarise our findings. 


NOAM 1642, 2012-12-31 (171 A) 



-1100 -1050 -1000 -950 -900 -850 

X [arcsec] 

Fig. 3. EUV image of the NOAA 11642 active region. The blue trian¬ 
gles show the manually selected points of the analysed loop, which is 
fitted with an ellipse (white curve). Transverse slits perpendicular to the 
apparent loop path are shown with red lines. The slits were used for 
making time-distance plots. For the purpose of clarity, we show only 20 
slits out of 100 analysed. 


with the highest possible spatial (0.6 arcsec) and time resolution 
(12 s). 


3. Analysis and results 


2. Observational data 

We analysed observations of coronal loops in a set of active re¬ 
gions that passed through the solar disk during about one month, 
between December 2012 - January 2013. To eliminate the selec¬ 
tion effect we analysed 21 active regions (NOAA 11637-11657) 
one by one. Images of some active regions, obtained in extreme 
ultraviolet (EUV) are presented in Fig. [T] In this list there are 
very small and undeveloped active regions, e.g. NOAA 11638, 
as well as complex and large active regions like NOAA 11640. 

For all of the selected active regions we downloaded six 
hours of images obtained with the Solar Dynamics Observatory 
(SDO)/AIA at 171 A, starting from 00:00 UT of the specific day 
of the observation, which is listed in the second column of Ta- 
bleffl The observation times were selected to find active regions 
on the solar limb or close to it, in order to analyse loops well 
contrasted by the darker background. Some of active regions, 
e.g. NOAA 11639, were analysed during their presence on the 
disk, as they were not visible at the solar limb as they are over¬ 
lapped by other active regions. We also excluded the time inter¬ 
vals that included impulsive events, such as flares and coronal 
mass ejections. Figure [2] shows the soft X-ray flux of the Sun for 
the analysed period of time. It is evident that there were no so¬ 
lar flares stronger than the C-class, during the whole considered 
period of time. 

The data in FITS format were retrieved from the JSOC data 
centre http://j soc.Stanford.edu/aj ax/lookdata.html 


Decayless kink oscillations of coronal loops are characterised by 
a very low displacement amplitudes (lower than 1 Mm, on aver¬ 
age about 0.2 Mm, which is comparable to the SDO/AIA pixel 
size or less). Therefore, they are hard to see in animations. How¬ 
ever they can be readily identified in time-distance plots made 
across the oscillating loop as characteristic wavy patterns. Thus, 
we examined time-distance plots in the chosen time intervals for 
all of the loop-like structures in each active region of our list. 
We visually looked for the presence of transverse oscillations, 
and when an oscillation was found, we estimated its periods and 
amplitudes, and the length of the oscillating loop. Further we 
describe the data preparation and analysis procedure in detail. 

As the first step, we visually identified distinct coronal loops 
in the EUV images. Then, we manually specified 5-10 points 
along the selected coronal loop. Their coordinates were used to 
fit the projected loop shape with an elliptic curve in the image 
plane. We stacked 100 equidistant slits that were locally perpen¬ 
dicular to the loop to depict oscillations at different positions 
(Fig. 13. Each slit was 5-pixels wide and 100 pixels long. To 
increase the signal-to-noise ratio, we calculated the average in¬ 
tensity over the slit width. For faint loops we used wider slits of 
nine pixels. 

The time-distance maps were then visually inspected, 
searching for oscillatory patterns and selecting the events in 
which at least three cycles of the oscillation were clearly seen 
by eye and the displacement amplitude did not change signifi¬ 
cantly from period to period. For the detailed analysis, we se- 
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Fig. 1. Examples of active regions from the observation set. The analysed active regions are enclosed by white boxes, with the specific classification 
numbers shown. NOAA 11644 and 11646 (right bottom panel) are located in the vicinity of each other and connected by several coronal loops, 
hence, we treated them as a single active region. 



Fig. 2. Total X-ray fiux measured by the GOES 15 satellite from 28 December 2012 till 2 Eebruary 2013, in the range of 0.05-0.4 nm (black) and 
0.1-0.8 nm (green) smoothed over a period of one hour. The fiux is measured in units of Wm“^. The horizontal dashed red lines indicate the fiare 
classes limits. The vertical dashed blue lines represent times of the observations listed in Table [T] labelled with the identification numbers of the 
analysed active region. 


lected one slit out of 100 where the oscillation patterns are most 
pronounced. We applied this procedure to all analysed loops. 

In EUV images, active region loops are usually seen to over¬ 
lap with many other loops. Thus it is difficult to determine the 
transverse shape of a single loop, e.g. by a best fit with a Gaus¬ 
sian profile, and determining its evolution in a time-distance 


plots. Because of that it is more convenient to track the oscilla¬ 
tions by the loop edges, e.g. by calculating partial derivatives of 
the intensity in the direction across the loop. Taking that the kink 
oscillation does not change the loop’s minor radius, we deter¬ 
mine the loop location each instant of time by fitting the spatial 
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derivatives of the transverse profile of the EUV intensity across 
the loop with a Gaussian function. 

Since the estimated amplitude of the decayless oscillatio n 
was found to be about 0.2 Mm (lAnfinogentov et aP l2013h . 
which is less than the SDO/AIA pixel size, the loop location 
must be measured with accuracy better than one pixel. This is 
possible because even the displacement of less than one pixel 
causes changes in the intensity of the individual pixels across the 
loop. The Gaussian fitting approach allows us to recover the loop 
position with sub-pixel accuracy from the intensity distribution 
over the image pixels. The oscillation amplitude and period were 
measured with a best fit of the loop locations at each moment of 
time with a sum of a sine function and a linear trend 

(iTTt \ 

x{f) = ^sml — -r 0ol + <^o + (1) 

Here ^ is the oscillation amplitude, P is the period, 0o is the 
initial phase, ao and ai are constant values. We do not include 
any decay term in Eq. o because various amplitude evolutions 
are possible. The oscillations can decay, grow, remain constant, 
or show more complex behaviour; see e.g. the upper panel of the 
left column in Eig.lH where the oscillation increases from 12 to 
20 min. and then decays. 

Examples of the time-distance maps with the positions of the 
loop edges determined by this method are shown in Eig. |4l The 
results of oscillation fitting with the function from Eq. ([T]) are 
shown with the overplotted white lines. 

Low-amplitude kink oscillations were detected in all anal¬ 
ysed active regions except NOAA 11638 and 11647. The NOAA 
11638 was a small active region with short coronal loops ob¬ 
served when it was on the solar disk. Under these observational 
conditions, it is very hard to identify any oscillation because of 
dynamical background and shortness of the expected periods of 
standing kink oscillations. Also, the lack of oscillations of the 
bright loop, shown in the top-right panel of Eig. |4l can, e.g. be 
caused by the projection effect, when the oscillation polarisa¬ 
tion plane is almost parallel to the line of sight (LoS). In NOAA 
11647 we could not identify any distinct loop structures visible 
at 171 A. 

The detected oscillations do not show any systematic decay. 
The duration of a single oscillation event is rather determined 
by observational conditions than by decay. Consider several ex¬ 
amples shown in Eig. |4l In the loop shown in the first panel of 
the left column, the oscillation becomes unseen when the loop 
becomes too bright, perhaps because of another loop that moved 
in the LoS. In the third panel of the right column, the loop is 
seen to oscillate until its disappearance in this bandpass at time 
about 210 min. In the third panel of the left panel, again the os¬ 
cillation is visible when the loop is seen in the panel, between 
111 and 135 min. Thus, we can speculate that the oscillations 
are generally undamped and are not detected when the host loop 
becomes invisible in the bandpass, or because of optically thin 
effects, when another bright coronal structure comes in the LoS, 
or, perhaps, because of the turn of the polarisation plane of the 
kink oscillation. 

Lengths of the oscillating loops were estimated under the as¬ 
sumption of a three-dimensional semi-circular shape as L = nR, 
where R is the major radius of the loop measured either as the 
half distance between the loop’s footpoints if both the footpoints 
were seen on the solar disk, or otherwise as the loop’s height 
when the loop is seen off-limb. Results of the analysis are shown 
in Table [U 

The large number of the oscillating loops, precisely 72, anal¬ 
ysed in this study allows us to establish a statistically significant 


The parameters of oscillating loops 



Fig. 5. Dependence of the oscillation periods on the loop lengths. Every 
circle corresponds to an oscillation event. The linear fit is shown by the 
solid line. 

relationship between the loop length and the oscillation period. 
Eigure[5]shows that despite significant scattering of the data, the 
period increases with the length of the loop. The Pearson corre¬ 
lation coefficient is as large as r = 0.72 + 0.12 with its standard 
deviation estimated as 1 /^^N, where N is the number of points. In 
our case, N = 72, and thus l/^^N = 0.12, which means that the 
correlation coefficient has a 6-cr significance. The dependence 
was fitted with a linear function P = (1.08 + 0.04)L, which is 
shown with a solid line on Eigure[5l Here P is the oscillation pe¬ 
riod measured in seconds and L is the loop length measured in 
megameters. 

4. Discussion and conciusion 

Our study reveals that low-amplitude decayless kink oscillations 
of coronal loops is a persistent feature of the solar corona. The 
oscillations were found for all loops with sufficiently contrast 
boundaries in all analysed active regions except two active re¬ 
gions with short or faint loops. Thus we conclude that this oscil¬ 
latory regime is a common feature of coronal loops. In all the 
cases, the oscillations appear without any established relation 
with impulsive energy releases in the corona. Different segments 
of oscillating loops are displaced by the oscillation in phase. A 
typical case is shown in Eig. [71 The oscillations could only be 
resolved in a relatively small loop segment close to the top of 
the loop (between slits 1 and 3). The oscillation pattern is rather 
noisy. However we do not see any evidence of the propagating 
wave. 

The histograms of oscillation parameters such as amplitude, 
period, and the length of the oscillating loop, as well as their av¬ 
erage values and standard deviations, are presented in Eig.[6l The 
average apparent displacement an iplitude is 0.17 Mni , whic h 
agrees with previous results from lAnfinogentov et all (l2Q13h . 
and with the re cent estimates of trans verse oscillations in po¬ 
lar plumes from iThurgood et all (l2014ll . The oscillation periods 
are found to range from 1.5 to 10 minutes. No clear evidence of 
the vertical polarisation was found. Thus, parameters of the os¬ 
cillations are consistent with our previous results for decayless 
kink oscillations described in (iNistico et al.ll2013l: Anfinogentov 
et al. l2Q13h . ^ 

The periods of decayless kink oscillations have been ob¬ 
served i n the range that includes 3 and 5 minutes ( Anfinoeen- 
tov et al. l2Q13h . which could be associated with sunspot oscilla- 
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Fig. 4. Time-distance maps of the oscillating loops found in the analysed active regions. The most noticeable oscillations are fitted with a sine 
function to define their period and amplitude. Red dots indicate the positions of the loop centres estimated by the Gaussian fitting. The white 
curves show the best-fitting sinusoidal functions. In the panels we indicate the periods and amplitudes of the detected oscillations. 


tions leaking into the corona (ISvch et al.ll2009l) . The presence of 
sunspots in the active region has been verified by the visual in¬ 
spection of SDO/HMI images, and is shown in the fourth column 
of Table [T] There is not a clear association with decayless kink 
oscillations since these are found in the same proportion in both 
types of active regions, with or without a photospheric sunspot. 
This provides an indication that sunspots oscillations probably 
do not play a prominent role in the excitation of decayless kink 
oscillations. Moreover, our findings do not show any increase in 
the appearance of the oscillations with periods of three or five 
minutes. 

An important finding is the correlation of the oscillation pe¬ 
riod with the length of the oscillating loop. This result confirms 
the interpretation of decayless kink oscillations as standing nat¬ 
ural oscillations of coronal loops. Indeed, the period of a stand¬ 
ing kink mode is about double the loop length divided by the 


kink speed. The scattering of the data in Fig. [5] can be readily 
attributed to the scattering in the values of the kink speeds de¬ 
termined by the densities of the plasma and the magnetic field 
strengths inside and outside the loops and the uncertainties of 
the loop length estimations. 

The physical mechanism responsible for the appearance of 
decayless low-amplitude oscillations of coronal loops remains 
unknown. However, the persistency of this regime established 
by our study suggests that the oscillations are continuously ex¬ 
cited by some perpetual driver. The driver could be random or 
quasi-harmonic, but in the latter case it should be out of the res¬ 
onance with the frequency of the kink mode. Together with the 
continuous excitation, the oscillations should be subject to con¬ 
tinuous damping, e.g. by resonant absorption. Essentially, this 
reasoning coincides with the empirical model given by Eq. (5) 
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The distributions of the parameters of oscillating loops 



Fig. 6. Distributions of the parameters of the oseillating loops: amplitude {left panel), period {middle panel) and the length of the loop {right 
panel). Average values {< f >,< P > and < L>) and standard deviations (cr^, crp and ctl) of the corresponding quantities are also provided. 
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Fig. 7. Illustration of the in phase oscillation of different loop segments. The 171 A image of the aetive region NOAA 11650 taken on 5 January 
2015 00:20:12 UT is presented in the left panel. The oseillated loop is highlighted with a dotted line. Bold white lines show three slits used for 
eonstructing time-distance plots. The time-distance plots for three different positions are shown in the right panel. One oscillation cycle is indicated 
with white vertical lines. 


of (iNistico et al.ll2013l) . 

df 9 


( 2 ) 


where ^ is the loop displacement at a certain hight, 6 is the damp¬ 
ing coefficient, Qk is the natural frequency of the kink oscil¬ 
lation, and f{t) is the non-resonant external driving force pro¬ 
duced, e.g. by the perpetual motion of the loop footpoints be¬ 
cause of granulation. However, this excitation mechanism would 
produce horizontally and vertically polarised oscillations with 
the equal efficiency, which is not supported by our results. Thus, 
we conclude that the mechanism for the feeding the oscillations 
with energy remains unidentified. 
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Table 1. List of the analysed oscillating loops and parameters of the oscillations. 


AR 

Date 

Oscillations 

yes/no 

Sunspots 

yes/no 

Loop No 

Loop length 

[Mm] 

Period 

[s] 

Amplitude 

[Mm] 





1 

190 

250 

0.09 

11637 

2013-01-05 

yes 

yes 

2* 

120 

160 

0.18 

11638 

2013-01-07 

no 

yes 









1 

150 

170 

0.07 





2 

230 

210 

0.13 

11639 

2013-01-04 

yes 

no 

3* 

130 

160 

0.10 





4* 

80 

270 

0.14 





5 

130 

190 

0.05 





1 

200 

310 

0.08 





2 

190 

150 

0.09 





3 

180 

210 

0.24 

11640 

2013-01-05 

yes 

yes 

4 

250 

250 

0.13 





5* 

250 

250 

0.30 





6 

no 

200 

0.24 






200 

360 

0.08 





1 

no 

200 

0.17 

11641 

2013-01-11 

yes 

no 

2 

200 

350 

0.26 





3 

370 

610 

0.37 





1 

420 

470 

0.13 





1 

420 

240 

0.07 





2 

250 

300 

0.31 





3 

160 

120 

0.05 

11642 

2012-12-31 

yes 

yes 

4 

280 

280 

0.25 





5 

350 

350 

0.23 





6* 

260 

300 

0.33 





7 

450 

530 

0.33 





1 

360 

460 

0.42 





2 

150 

250 

0.15 





3 

160 

290 

0.26 

11643 

2012-12-31 

yes 

yes 

4 

190 

270 

0.19 





5 

80 

100 

0.06 





6* 

360 

550 

0.35 





1 

160 

250 

0.17 





2 

110 

150 

0.16 

11644,11646 

2013-01-12 

yes 

yes 

3 

90 

130 

0.05 





4 

no 

150 

0.09 





1 

340 

280 

0.45 





2 

260 

300 

0.23 

11645 

2013-01-10 

yes 

yes 

3 

220 

350 

0.19 





4 

160 

130 

0.11 





5 

160 

130 

0.12 

11647 

2013-01-04 

no 

no 









1 

220 

250 

0.37 





2 

190 

210 

0.13 

11648 

2013-01-15 

yes 

no 

3 

160 

190 

0.11 





4 

150 

150 

0.12 





5 

270 

410 

0.13 





1 

50 

100 

0.12 

11649 

2013-01-13 

yes 

yes 

2 

70 

no 

0.04 





1 

560 

440 

0.43 





2 

410 

280 

0.12 

11650 

2013-01-05 

yes 

yes 

3 

240 

220 

0.20 





4 

170 

270 

0.25 





5 

170 

130 

0.11 





1 

130 

260 

0.06 

11651 

2013-01-07 

yes 

no 

2 

130 

260 

0.16 





1 

400 

340 

0.20 





2 

240 

180 

0.12 

-- 

2013-01-07 

-yes- 

-yes- 

3 

470 

250 

0.10 
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Table 1. List of the analysed oscillating loops and parameters of the oscillations (continued). 


AR 

Date 

Oscillations 

yes/no 

Sunspots 

yes/no 

Loop No 

Loop length 

[Mm] 

Period 

[s] 

Amplitude 

[Mm] 





4 

360 

410 

0.25 





5 

240 

150 

0.05 





6 

260 

400 

0.14 

11653 

2013-01-06 

yes 

yes 

1 

2 

90 

140 

90 

230 

0.05 

0.09 





1 

360 

230 

0.19 

11654 

2013-01-08 

yes 

yes 

2 

3 

350 

480 

200 

560 

0.11 

0.35 





4 

270 

300 

0.21 

11655 

2013-01-14 

yes 

yes 

1 

50 

100 

0.04 

11656 

2013-01-20 

yes 

no 

1 

2 

60 

40 

180 

70 

0.06 

0.06 





1 

150 

290 

0.25 

11657 

2013-01-20 

yes 

no 

2 

130 

260 

0.15 





3 

190 

400 

0.23 


Notes. The NOAA numbers of the active regions are listed in the first column. The date of the observation is given in second column. For each 
active region we show the presence or absence of kink oscillations (third column) and sunspots (forth column). Estimated lengths of the oscillating 
loops are given in the sixth column. The period and amplitude of the identified oscillation are given in the last two columns. The loops, oscillations 
of which are given in Fig.|4]are marked by the asterisks. 
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